Introduction
O rganic sulfur com pounds are know n for th e ir ubiquitous occurrence in plants as am ino acids, v ita m ins, coenzym es, polysaccharides, aliphatic sul phides, glucosinolates and th io p h e n e derivatives [1] , to m ention a few. O nly recently, a new class of sulfur com pounds, the flavonoid sulfates has been re p o rte d to be of w idespread occurrence in a n u m b e r of plan t families [2] [3] [4] especially the C o m positae [5] , am ong which F laveria is well docu m en ted ( [6 , 7] and refs, cited th erein ). A lthough F. bid en tis is know n to c o n tain a n u m b er of partially sulfated flavonols [6] , h ow ever, no com plete study of its flavonoid p a tte rn has yet been rep o rted . F u rth e rm o re , except for tw o p r e lim inary rep o rts [8, 9] on the in c o rp o ratio n of 33S 0 42~ into sulfated flavonoids, very little is know n o f th eir biosynthesis in plants.
P relim inary phytochem ical investigation of F. b i dentis indicated the co-occurrence o f b oth flavonol glucosides and flavonol sulfate esters in leaf tissues. The dual n atu re of these flavonoids p ro m p te d us to conduct a system atic identification o f these con- stitu en ts and to study th eir biosynthesis from labelled precursors. [3H ]cinnam ic acid was p rep a re d enzym atically from labelled ph en y lalan in e [10] . It was purified by T L C and its specific activity was estim ated to be 4.03 x 102 G B q/m m ol. Q u ercetin-3-sulfate, q u ercetin -3 -acety l-7 ,3 ',4 '-trisu lfate and q u ercetin -3 ,7 ,3 ',4 '-te tra su lfa te w ere g enerous gifts from Prof. H . R. Juliani, C o rd o b a, A rg en tin a. O th e r flavonoid com pounds w ere from o u r la b o rato ry col lection.
Materials and Methods

C h em icals
L
P la n t m a teria l
Seeds of F laveria b iden tis var. an gu stifolia O .K . w ere o b ta in ed from Prof. H . R. Juliani and w ere g erm in ated in one-cm layer o f verm iculite on to p of po ttin g soil, u n d er green h o u se conditions. F resh leaves, taken from 3 -4 m onth-old plan ts, w ere frozen in liquid N 2, ground to a fine pow der, th en ex tra cte d th ree tim es w ith 50% aqueous M e O H . T he com bined extracts w ere concen trated u n d er red u ced pressure at 30 °C. Partial purification o f sulfated flavonoids was carried out on a Sephadex G-10 colum n using w ater as eluent. E lu ted fractions w ere analyzed by ch rom atography on cellulose T L C plates using « -B u O H -H O A c -H 20 (6:2:2, v/v/v) as a solvent system , follow ed by visualization in U V light. T he flavonoid-containing fractions w ere co m bined, c o n c en tra ted and chrom ato g rap h ed on sem i p rep a ra tiv e cellulose T L C plates using the sam e sol vent system . B ands of individual flavonoids w ere elu ted in 50% aqueous M e O H , concen trated and fu rth e r p urified by H P L C using a M icrobond ap ak C ]8 colum n (particle size, 10 ^m ). B est separatio n of th e co m p o n en t flavonoids was carried out according to H a rb o rn e [11] after som e m odification. A n isocratic g rad ien t of 60% solvent A (10 mM aqueous te trab u ty lam m o n iu m dihydrogen phosphate) and radioactivity by liquid scintillation. T he rem a in d er of the extracts w ere ch ro m ato g rap h ed on cellulose T L C plates, then au to rad io g rap h ed . Individual flavonoids w ere scraped off the p la te, m ixed w ith C ab-O -Sil (colloidal silica) and co unted fo r radioactivity.
Results
C h aracterization o f fla v o n o id con stitu en ts
T he chrom atographic, elec tro p h o re tic and U Vspectral characteristics o f th e flavonoids iso lated from F. biden tis are sum m arized in Fig. 1 , T ables I and II. F lavonol sulfate esters could be distinguished from flavonol glucosides by th eir: (a) low R { v alues in organic as com pared with aq u eo u s solvents, especial ly those of highly sulfated com pounds; (b) e le c tro ph o retic m obility tow ards th e anode (T able I); (c) susceptibility for hydrolysis w ith aryl sulfatase, except for the 3-sulfates [7] ; (d) pro m in en t p ea k at 1050 cm " 1 in IR spectra (n o t show n).
F lavonoid aglycones w ere identified, after acid or enzym atic hydrolysis of the p a re n t flavonol d eriv a tive, by th e ir U V spectra using spectral shift reag en ts [12] , fluorescence in U V -light (366 nm ) an d co ch ro m ato g rap h y w ith referen ce com pounds. T he n u m b er of sulfate groups in sulfated flavonols was d eterm in ed by th eir electro p h o retic m obilities rela tive to quercetin-3-sulfate (T able I) and th e R x on H P L C o f th eir tetrab u ty lam m o n iu m dihydrogen p h o sp h ate [11] derivatives (Fig. 2) . T h e position of sulfation was d eterm in ed from th e U V spectral shifts o bserved after the addition o f specific reag en ts (T able II), and considering the resistance of flavonol-3-sulfates to hydrolysis w ith aryl sulfatase m . Retention Time (min) Q u ercetin -3 ,7 -d isu lfa te: T h e electro p h o retic m o bility of this co m p o u n d (T ab le I) suggested a disul fate ester w hich on hydrolysis w ith sulfatase gave q u ercetin -3 -su lfate [7] , and on acid hydrolysis gave qu ercetin . T he spectral shift of th e disulfate ester in presence o f HC1 (T able II) 
F la vo n o id c o n te n t o f differen t organ s
Q u an titativ e analysis of v arious flavonoids in dif feren t o rg an s o f 3 -4 w eek-old seedlings (T able III) indicated th a t th e highest am o u n ts of individual, as well as to ta l, flavonoids w ere fo u n d in the buds > shoots > leaves. O n the o th e r h an d , the ro o t system of seedlings was conspicuous by th e absence of both glucosylated and sulfated flavonols. The fact th a t the leaf tissue co n stitu tes the m a jo r p art (both w eight and surface are a) o f the sh o o t system , indicates th at the leaf is o ne of the p rincipal sites of flavonoid synthesis an d accum ulation.
It is in terestin g to no te th a t th e flavonol glucosides in the seedlings am o u n ted to < 10% of to tal fla vonoids (T ab le III), as co m p ared w ith approxim ately 50% in m a tu re shoots (T ab le I). Q u ercetin-3,7-disul fate re p re se n te d the m ajo r co n stitu en t in the se ed lings and am o u n ted to 50-70% of total flavonoids. H ow ever, in m atu re shoots q uercetin-3-sulfate, -3,7-disulfate an d -3 ,7 ,3 ',4 '-te tra su lfa te w ere the m ajo r p ro d u cts am ong the sulfate esters, even though they form ed only 40% o f total flavonoids (Table I) . Q -3,7,3',4'- 
B iosyn th esis o f fla v o n o id s fr o m la b e lle d p recu rso rs
P relim inary labelling experim ents using th ree w eek-old intact seedlings indicated th a t the highest label incorp o ratio n was observed in th e term in al bud and the ad jac en t pair of young leaves (d ata not show n). T h erefo re, only the youngest leaf pairs w ere used for isotopic experim ents. Fig. 3 show s the tim e course for in c o rp o ratio n of [3H ]cinnam ate (Fig. 3 A ) (Fig. 3 B ) into individual flavonoids, as well as the to tal m ethanolic extracts (insert) of leaf disks. W hereas the rate of label in c o rp o ratio n o f e ith e r p rec u rso r was alm ost linear w ith tim e up to 60 m in, the o rd e r of labelling of the various flavonoid derivatives was different. C om parison of the profiles of glucosylated and sulfated flavonols shows th a t the cin n am ate label was found m ostly in flavonol glucosides, as co m p ared w ith th e sulfate esters, w ith a ratio of 13 to on e after 3-h incubation w ith the labelled p recu rso r (Fig. 3 A ) . T he in co rp o ratio n of label from [35S]sulfate was, as expected, restricted to th e flavonol sul fates, and was p ro p o rtio n al to th e n u m b e r of sulfate ester linkages of individual com pounds (Fig. 3 B ) .
W hen leaf disks w ere pulsed for 30 m in in e ith e r p recursors, follow ed by a 3-h chase in w ater, sim ilar results w ere o b ta in ed (Figs. 4 A , B ) ; except for a drop in the radioactivity o f q u ercetin-3-m onosulfate -■ -----), isoR-3-sulfate; ( -------■ -------), isoR-3 ,7-disulfate; ( ----□ -----), Q -3-sulfate; ( -------□ -------) , Q -3,7-disulfate; ( ----▲ -), Q -3-acetyl-7,3',4'-trisulfate; (-------▲-------), Q -3,7,3',4 '-tetrasulfate. and quercetin-3,7-disulfate. T he la tte r com pounds seem to have b een m etabolized to a higher o rd e r of sulfated flavonols (Fig. 4 B ) .
( -----O -----), K-3-glu; ( ------O -------), 6-M eO -K-3-glu; ( -------• -------), P-3-glu; ( ---
Time of chase Ihr]
Tim e of chase [hr] D ouble feeding experim ents, using both labelled p recursors fu rth e r indicated th at flavonol glucosides w ere only labelled from cinnam ate, w hereas the sul fate esters contained the label of both precursors (Fig. 5) . T he high label incorporation into kaem pferol as com p ared w ith patuletin glucosides is consistent w ith the fact th at form ation of the latter aglycone req u ires fu rth e r biosynthetic steps involv ing m odification of b o th rings A and B (Fig. 1) . Sim i lar to th e tim e course ex p erim en t (Fig. 3 B ) , [3r'S]sulfate in c o rp o ratio n increased w ith increasing level of sulfation of b o th q u ercetin and iso rh am n etin , w ith th e [3H] to p S ] ratio in sulfated flavonols rem aining nearly co n stan t (Fig. 5) . (Fig. 1, T able I ). E x cep t for q u ercetin -3 ,7 -d isu lfate, all o th e r sulfated flavonols have previously b een described ( [6] and refs, cited th e re in ). O n th e o th e r h an d , 6-m ethoxykaem pferol-3-glucoside has b een rep o rted as a novel com pound in F. b ro w n ii [15] ; w hereas patuletin-3-glucoside in F. linearis and F. trin ervia [16] as well as o th e r C o m p o sitae [17] . T hese tw o glucosides to g e th er with q u ercetin -3 ,7 -d isu lfate are being rep o rted h ere , for th e first tim e, in F. b iden tis. T o o u r know ledge, the la tte r co m p o u n d rep rese n ts a h ith e rto u n rep o rted disulfate es te r of q u ercetin [2] [3] [4] , which co m p le m en ts th e tw o o th e r analogs, q u ercetin -3 ,3'-(u n p u b lished results) and q u ercetin -3 ,4 '-d isu lfate esters [6] .
T he co-occurrence of b o th groups o f com pounds as th e 3-glucosides and the sulfate esters of k ae m p ferol an d q u ercetin derivatives, respectively re p re sents a strik in g fea tu re of the flavonoid p a tte rn of F. biden tis, as com pared w ith o th e r Flaveria sp p . [7, 15, 16] . F u rth e rm o re , the quantitative differences o b served in the different organs of seedlings (Table III) as co m pared w ith m ature shoots (T able I) rep rese n t an o th e r interesting feature of this plant. T he p re dom inance of the flavonoid sulfate esters in the seedling, especially quercetin-3,7-disulfate w hich rep rese n ted 50-70% of total flavonoids as co m pared w ith 9% in m ature shoots, raises th e question as to the significance of sulfated flavonols in the grow th and developm ent of this species.
T h e biosynthesis of Flaveria flavonoids from [3H ]cinnam ate and [3r,S]sulfate show ed th a t the cin n am ate label was incorporated alm ost p redom inantly into flavonol glucosides (Figs. 3 A , 4 A ) , w hereas th at of sulfate, into flavonol sulfate esters (Figs. 3 B (Figs. 3 B , 4 B ) m ay have been due to their low concen tratio n in seedling leaves, as com pared w ith th at of q u ercetin analogs (T able III). H ow ever, fu rth e r experim ents will be req u ired to d em onstrate w hether sulfation p recedes
